Sex ratio evolution relies on genetic variation in either the phenotypic traits that influence sex ratios or sex-determining mechanisms. However, consistent variation among females in offspring sex ratio is rarely investigated. Here, we show that female painted dragons (Ctenophorus pictus) have highly repeatable sex ratios among clutches within years. A consistent effect of female identity could represent stable phenotypic differences among females or genetic variation in sex-determining mechanisms. Sex ratios were not correlated with female size, body condition or coloration. Furthermore, sex ratios were not influenced by incubation temperature. However, the variation among females resulted in female-biased mean population sex ratios at hatching both within and among years.
INTRODUCTION
Sex ratio studies have a long tradition in evolutionary biology. Early explanations for equal sex ratios were later followed by insights into how species-or individual-specific characteristics could lead to biased sex ratios, at both the population level and the individual level (Hardy 2002) . Sex ratio evolution is closely linked to the evolution of sex determination, with chromosomal sex determination and random meiosis likely to be a result of selection for equal sex ratios. On the other hand, environmental sex determination frequently leads to biased sex ratios but can be favoured when males and females have different environmental optima (Charnov & Bull 1977) .
The fundamental dichotomy of genetic (chromosomal) and environmental sex determinations has recently been challenged (Mittwoch 2005; Sarre et al. 2004) . For example, studies of reptiles have documented multiple environmental influences on sex determination in species with heteromorphic chromosomes (Shine et al. 2002) . Furthermore, recent progress in avian and mammalian sex ratio studies has shown the ability of females to adjust their sex ratios, suggesting that sex chromosome segregation is not necessarily a random process (West & Sheldon 2002; Sheldon & West 2005) . This is often seen as a facultative response to, for example, female condition or paternal quality, but among-family variation in sex ratios could also indicate genetic variation among females in predisposition for sex ratio bias that is more or less independent of the female phenotype or local environmental conditions. However, studies on the repeatability of female effects on offspring sex ratio between breeding attempts are scarce in the sex ratio literature (but see Westerdahl et al. 1997; Oddie & Reim 2002) . In the present paper, we report data from a lizard (Ctenophorus pictus) showing strong and consistent effects of female identity on offspring sex ratio.
MATERIAL AND METHODS
The painted dragon, C. pictus, is a small agamid lizard that occurs at arid and semi-arid habitats in Australia. Females produce two-three clutches per season in natural populations and oviposition occurs from early October to January. Temperaturedependent sex determination has previously been reported in this species (Harlow 2004) .
Males and females were captured in Yathong Nature Reserve at the beginning of the mating season in 2004 and 2005. Presence or absence of yellow throat coloration was recorded for each female. Females were housed in pairs in cages (645!413! 347 mm), whereas males were kept separately. The cages contained sand, rocks and tiles for basking, a shelter and spinifex grass (Triodia spp.). Under long-term captive conditions, successful reproduction after artificial hibernation has been reported to require continuous presence of the male . However, work in the present laboratory has revealed that this is not required when reproductive animals are brought in from natural populations. Thus, females were introduced into male cages only when receptive . Females were mated to two males before ovulation of each clutch. This procedure could introduce within-clutch variation in offspring traits owing to the variation in paternal genetic composition, but this should not lead to biases in potential effects of female identity. Thus, we consistently used female identity as a random effect in our analyses. The cages were inspected for eggs daily and upon collection, the clutch size, the clutch mass and the female mass were recorded. Mean egg mass was calculated as clutch mass divided by clutch size. Eggs were incubated at constant temperature regimes in plastic boxes filled with moist vermiculite (1 : 7, water : vermiculite volume). The incubation temperatures were set to 268C in 2004 and to four different temperatures (27.5, 29, 30 .5 and 328C) in 2005. All eggs from each clutch were incubated at the same temperature. The hatchlings were sexed using hemipene eversion. This method reliably confirms sex in most lizards (Harlow 1996) , but verification of the accuracy of the method is required for each species. Therefore, we confirmed the sex of 60 offspring upon the emergence of secondary sexual characters (C. pictus is strongly sexually dimorphic), with greater than 97% concordance and, in 2005, sex determination was conducted by two researchers were performed on different sets of females and the eggs were incubated at different temperatures, we analysed the years separately. Sex ratios were analysed using repeated measure generalized linear mixed models (GLMM) using the GLIMMIX macro in SAS v. 8.2 with a binomial distribution and a logit link function (Littell et al. 1996) . The proportion of males per clutch was denoted as the dependent variable and female identity as the random repeated subject, whereas incubation temperature (in 2005 only), oviposition date and mean egg mass were entered as fixed factors. Three different covariance structures (compound symmetry, unstructured and spatial power) were initially tried for the full models and the models were compared using Akaike information criterion. Compound symmetry proved to result in superior or approximately equal fit as the other covariance structures and was therefore chosen for the analyses of all repeated measures. Random effects and fixed effects were tested using likelihood ratio test and F-test, respectively, and the degrees of freedom were calculated using Satterthwaite's approximation
The electronic supplementary material is available at http://dx.doi. org/10.1098/rsbl.2006.0526 or via http://www.journals.royalsoc.ac. uk. (Littell et al. 1996) . Final models were obtained using backward elimination of factors at pO0.25, starting with the highest order interaction. Results are presented as meanGs.e. unless otherwise specified.
RESULTS
The data from 2005 showed no effect of incubation temperature or oviposition date on offspring sex ratio, but a strong effect of female identity is observed (table 1a; figure 1). This effect was confirmed in the experiment with only one temperature, which also revealed a significant effect of oviposition date (table 1b; increasing sex ratio for later clutches and oviposition date explaining 4% of the variation). The significant variation among females was not explained by any of our phenotypic measures (presence of breeding coloration, SVL and body condition subsequent to oviposition; pO0.25 when included in the model for both the years). The consistent amongfamily variation in sex ratios over the reproductive season can also be illustrated by plotting the sex ratio of the first clutch produced by a female against the sex ratio of the last clutch produced by the same female, i.e. ignoring intermediate clutches (figure 2, r s Z0.37, pZ0.006, nZ55). The overall population sex ratio during hatching was approximately 0.40 for all treatments and years (figure 1). This bias from 0.50 is statistically significant in both 2004 and 2005 (binomial tests, 2004: 122 There was no evidence for heteromorphic sex chromosomes in C. pictus (figure 1 in electronic supplementary material).
DISCUSSION
Recent studies on lizards have revealed novel aspects of sex ratio biology (e.g. Shine et al. 2002; Uller et al. 2004; Olsson et al. 2005; Uller & Olsson in press ). The present study highlights a number of interesting characteristics with respect to sex ratios in the painted dragon, C. pictus. Harlow's (2004) temperature effects on hatchling sex ratio, based on a relatively small sample, could not be replicated with our extensive design. However, sex ratios were consistently femalebiased in both years, in agreement with Harlow (2004) , which could not be explained by errors in sex determination. Our data did not suggest any sexspecific mortality, but assigning all infertile eggs and dead embryos to males showed that male-specific mortality could not be excluded as an explanation for the deviation from a 50 : 50 sex ratio. However, deviations from equal sex ratios at the population level can also result from individual sex ratio decisions (e.g. Frank 1987 ). Indeed, there was a consistent and significant among-female variation in offspring sex ratio among clutches. Importantly, sex ratios were repeatable among clutches within females over the reproductive season, with some females consistently overproducing daughters and some overproducing sons. Potential sources of this variation remain unknown, but it could result from consistent differences among females in some (unknown) phenotypic traits that correlate with sex ratio. For example, maternally transmitted substances (e.g. hormones) to the eggs have been suggested to bias the probability of sexual differentiation towards males or females (Bowden et al. 2000) , and such differences among females may remain relatively constant over the reproductive season.
Alternatively, as the sex-determining mechanism is unknown in this species, the among-female variation in sex ratio could be explained by genetic variation in some aspect of sex determination, or a combination of phenotypic and genetic variation in predisposition towards the production of sons versus daughters. For example, the lack of cytogenetically distinct sex chromosomes could suggest a polygenic sex-determining mechanism, as suggested in some fishes (Devlin & Nagahama 2002) , which may facilitate retention of genetic variation in sex determination. However, it should be stressed that in other groups of lizards, for example, Lacertidae, where a ZW sex chromosome system has been shown to occur almost universally (Olmo et al. 1987; Odierna et al. 1993) , sex chromosomes can evolve rapidly and independently in related taxa (Bosch in den et al. 2003; Odierna et al. 2004 ). This could be applied in agamids also, where a recent study has found heteromorphic W and Z micro-chromosomes in the bearded dragon, Pogona vitticeps (Ezaz et al. 2005) , suggesting that further studies on micro-chromosomes in agamids could reveal novel patterns.
The present variation among females in offspring sex ratio between breeding attempts within years and the recent evidence for multiple modes of sex determination within and among closely related species (Shine et al. 2002; Harlow 2004 ) suggest exciting future scope for comparative studies of sex ratio evolution in lizards.
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